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LQ WKH SDSHU GHYHORSHG VLPXODWLRQ PRGHO EDVHG RQ WKH $Q\/RJLF VRIWZDUH FRXOG EH WUHDWHG DV GHFLVLRQ VXSSRUW WRRO IRU
PDQDJHPHQWRIWKHSDVVHQJHUWHUPLQDO7KHEDFNJURXQGRIWKHSUREOHPLVUHODWHGZLWKWKHVWDUWHGUHFRQVWUXFWLRQSURFHVVRIWKH
WHUPLQDOZLWKQRDELOLW\WRFORVHLWIRUUHFRQVWUXFWLRQSHULRG7KHGHFLVLRQWRWHPSRUDU\FORVHGLIIHUHQWSDUWVRIWKHSODWIRUPVDQG
PDNH VWHSE\VWHS UHFRQVWUXFWLRQ ZDV GRQH E\PDQDJHPHQW %XW WKLV GHFLVLRQ FDXVHV D QXPEHU RI TXHVWLRQ UHJDUGLQJ VDIHW\
DVSHFWVRIWKHSDVVHQJHUV7KHGHYHORSHGVLPXODWLRQPRGHOLVGLUHFWHGRQHVWLPDWLRQRIWKHSDVVHQJHUV
GHQVLW\LQWHUPLQDO7KH
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x DSSOLFDEOH WR UHDO HQYLURQPHQW ZKLFK LQFOXGHG PLQLPXP FRVW VFDODELOLW\ UHOLDELOLW\ DYDLODELOLW\
PDLQWDLQDELOLW\VDIHW\
%\GHILQLWLRQDFRDFKWHUPLQDOLVDOLQHDUFRQVWUXFWLRQFRQVLVWLQJRIVSHFLILFEXLOGLQJVSODWIRUPVDQGDWHUULWRU\
IRU WKH UHQGHULQJ RI VHUYLFHV WR SDVVHQJHUV DQG FRDFKHV GXULQJ WKH URXWHV 5RGULJXH HW DO  7R HQVXUH DQ
HIIHFWLYHRSHUDWLRQRIVXFKDOLQHDUFRQVWUXFWLRQWREHDEOHWRUHQGHUKLJKTXDOLW\VHUYLFHVERWKWRSDVVHQJHUVDQGWR
KDXOHUV LQ FRQIRUPLW\ ZLWK WKHLU QHHGV WKH IXQFWLRQV DQG RSHUDWLRQDO DFWLYLWLHV RI D FRDFK WHUPLQDO KDYH WR EH
HYDOXDWHGDWDODUJHUVFDOH*URPXOH<DWVNLY,QFRQWH[WRIDFFHVVLELOLW\XVHUVUHTXLUHWKDWSDVVHQJHUWHUPLQDO
WREHDFFHVVLEOHDVSRVVLEOHDQGFRXOGLQFOXGHDOOQHFHVVDU\LQFRQWH[WRIVSDFHDQGHTXLSPHQWIRUIUHHDQGVDIHW\
PRYHPHQW 2Q WKH VWDJH RI VSDFH SODQQLQJ XVXDOO\ GHILQH WKH VL]H W\SH QXPEHU DQG IXQFWLRQDO UHODWLRQVKLS RI
IDFLOLWLHVQHHGHG IRUSDVVHQJHU WHUPLQDOV DQG LQFOXGH WKHLU VHFXULW\ UHTXLUHPHQWV%HFDXVHRI WKH FRQFHQWUDWLRQRI
YHKLFOHV DQGSDVVHQJHUV¶ DFFXPXODWLRQ WKH SUREOHPRI LQFUHDVLQJ WKH OHYHO RI VDIHW\ DQG VHFXULW\ EHFRPHVPRUH
VLJQLILFDQW3DVVHQJHUWHUPLQDOVPD\DSSHDUFRQJHVWHGDWFHUWDLQSLFNKRXUVEXWWKHIORZVRISHRSOHFDQEHPDQDJHG





GHFLVLRQ VXSSRUW WRRO IRU UHFRJQLWLRQRI WKH FULWLFDO VLWXDWLRQVZLWK WKHVH DVSHFWV RQ WKH WUDQVSRUW WHUPLQDO RQ WKH
VLPXODWLRQ PRGHOOLQJ RI 5LJD ,QWHUQDWLRQDO &RDFK 7HUPLQDO 5,&7 5,&7 LV D OHDGHU LQ WKH DUHD RI EXV
WUDQVSRUWDWLRQ VHUYLFHV LQ/DWYLD DQG VHFXULW\ DQG VDIHW\ LQSDVVHQJHU WHUPLQDO LV FRUH FRQGLWLRQ IRU WKH FXVWRPHU





RI SHUVRQDO VHFXULW\ DQG RQO\ LQGLUHFWO\ WKH SK\VLFDO FKDUDFWHULVWLFV RI VWDWLRQ 0H\HU 0H\HU QRWHV WKDW
DSSURSULDWH VSDWLDO DUUDQJHPHQW DQG ]RQLQJ RI WKH YDULRXV VHJPHQWV RI D EXV DQG FRDFK WHUPLQDO LV RI XWWHUPRVW
LPSRUWDQFH DV WKH EULQJ DERXW IUHH IORZLQJ WUDIILFZLWKLQ WKH WHUPLQDO 7KHUH DUH VWXGLHV SUHVHQWLQJ HYLGHQFH IRU





LQSXW IURP VWDNHKROGHUV DQG WKHLU VXSSRUW RI WKHGHFLVLRQV WKDW DUH WDNHQ &DVFHWWD 3DJOLDUD $QG IRU WKLV
VRPHRI WKHDQDO\WLFDO DQGYLVXDOLVDWLRQ WRROV FDQEHXVHG IRU WKHYDULRXV OHYHOVRIGHFLVLRQPDNLQJ7KHDXWKRUV
GHVFULEH WKH UROH RI WKHVH WRROV LQ SODQQLQJ DQGGHVLJQLQJ WUDQVSRUWDWLRQ V\VWHPV GHVFULELQJ LWV LQWHUDFWLRQVZLWK
RWKHUPRUHIRUPDOSKDVHVRIGHFLVLRQPDNLQJZLWKWKHH[DPSOHRIWKH5HJLRQDO0HWUR6\VWHPSURMHFWRI&DPSDQLD
UHJLRQLQ,WDO\
7KH5,&7PDQDJHPHQW KDV WKH VWUDWHJLF SURMHFW IRU VLJQLILFDQW LPSURYHPHQW RI VHUYLFH TXDOLW\ LQ5,&77KLV
SURMHFWWDNHVLQWRFRQVLGHUDWLRQWKHH[LVWLQJGHVLJQRISDVVHQJHUWHUPLQDODQGWKH³WHPSRUDU\´GHVLJQVIRUWKHSHULRG
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RILWVUHFRQVWUXFWLRQ7KHPDLQHVVHQFHRI³WHPSRUDU\´GHVLJQLQSURFHVVRIUHFRQVWUXFWLRQLVWRSURYLGHDWHUPLQDO
ZKLFKZRXOGHQVXUH WKH VDIHW\DQGFRPIRUWRISDVVHQJHUVEHIRUHDQGDIWHU MRXUQH\V7KHYHKLFOHVDQGSDVVHQJHUV
PRYHPHQWVLPXODWLRQKDYHEHHQDSSOLHGDQGXVHG WRVXJJHVWPRGLILFDWLRQV WR5,&7LQSURFHVV LWV UHFRQVWUXFWLRQ
7KHREMHFWLYH RI WKLV UHVHDUFK LV WR KLJKOLJKW WKH UROH RI VLPXODWLRQPRGHOOLQJ DW WKH VWDJH RI SDVVHQJHU WHUPLQDO
UHFRQVWUXFWLRQDQGVKRZLWRQDSDUWLFXODU WHUPLQDOZKLFKLV ORFDWHGLQ WKHFHQWUHRI WKH/DWYLDQFDSLWDODQGLV WKH
HVVHQFHQRGHRI5LJDWUDQVSRUWQHWZRUN
$OWKRXJKDQXPEHURIYDULRXVSURIHVVLRQDO VLPXODWLRQ VROXWLRQV VSHFLDOL]LQJ LQSDVVHQJHU IORZ VLPXODWLRQV LQ
UDLOPHWURDQGEXVVWDWLRQVH[LVW)RU LQVWDQFH6LP:DON7UDQVSRUW KWWSZZZVLPZDONFRPVLPZDONBWUDQVSRUW
LQGH[KWPODOORZVPRGHOOLQJUHDOLVWLFDOO\SDVVHQJHUIORZVERDUGLQJDQGDOLJKWLQJGLIIHUHQWUROOLQJVWRFNYDU\LQJ
WLPH VFKHGXOHV WUDLQ VZLWFKLQJ DQGPXFKPRUH8QIRUWXQDWHO\ DOO RI WKHPDUH YHU\ H[SHQVLYH DQGPDQ\SULYDWH
FRPSDQLHV FDQ¶W XVH WKHP IRU GHFLVLRQPDNLQJ SURFHVV )URP WKH YLHZSRLQW RI SUDFWLFDO DSSOLFDWLRQV IOH[LELOLW\








6ROYLQJWKHWDVNVRIPDQDJHPHQW LQFRPSOH[V\VWHPVWRGD\OLHV LQ WKHVSKHUHRIGHVLJQLQJRIGHFLVLRQVXSSRUW
V\VWHP'66DQG WKHPDLQGHFLVLRQ LVSDLG WR WKHSURFHVVQRW WR WKH UHVXOWRI WKHGHFLVLRQRU WKHHVVHQFHRI WKH















7KH GHFLVLRQ RI WKH UHFRQVWUXFWLRQ SODQQLQJ RI WKH WUDQVSRUW LQIUDVWUXFWXUH LV RQH RI WKH PRVW LPSRUWDQW
GHFLVLRQVZKLFKQHHGWKRURXJKSULRUFRQVLGHUDWLRQ2IWHQLQPDNLQJSURMHFWGHFLVLRQVWKHUHLVODFNRIVXIILFLHQF\
DQG FOHDUDQFH RI WKH WHFKQLFDOHFRQRPLF LQIRUPDWLRQ 7KHUHIRUH WKH GHFLVLRQ PDNHU ZLOO KDYH WR GHDO ZLWK
XQFHUWDLQW\DQGULVN,QWKLVFRQQHFWLRQWKHSUREOHPRIWKHGHFLVLRQPDNLQJVXSSRUWLQFKRRVLQJDSURMHFWGHFLVLRQ
RQ EXLOGLQJ QHZ DQG UHFRQVWUXFWLQJ WKH H[LVWLQJ WUDQVSRUW LQIUDVWUXFWXUH REMHFWV DFTXLUHV VSHFLDO DFWXDOLW\ DQG












DQG WKH GDWD ZKLFK SUHVHQW RQH RI WKH DOWHUQDWLYHV RI VROYLQJ WKH SUREOHP ± WKH GHVLJQ RI D QHZ WHUPLQDO ZLWK
SODWIRUPVVFKHPHVRIEXVHV¶HQWUDQFHDQGGHSDUWXUHIURPWRWKHWHUULWRU\
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,Q WKHSURFHVVRIPRGHOOLQJ WKHUHKDYHEHHQUHYHDOHG³WKHQDUURZSODFHV´RI WKHVXSSRVHGµWHPSRUDU\µGHVLJQ
WKHLUDQDO\VLVDQGHOLPLQDWLRQZHUHSHUIRUPHGDW WKHVWDJHRIGHVLJQLQJDQGSUHSDULQJRI WKHILQDOGHFLVLRQRQ WKH
GHVLJQRIWKHWHUPLQDOLQSURFHVVRIUHFRQVWUXFWLRQ
0RGHOGHYHORSPHQW
7DNLQJ LQWR DFFRXQW WKH UHTXLUHPHQWV VHW E\ FXVWRPHU WKH$Q\/RJLF  VRIWZDUHZDV VHOHFWHG DV WKHPRGHO




XUEDQ VXEZD\VWDWLRQZDVSURYLGHG LQ =KDQJ<LPHQWLRQHGXVHRI$JHQW%DVHGDSSURDFK IRU VLPXODWLRQ
SDVVHQJHUVIORZVLQXUEDQUDLOZD\QHWZRUNWKHEXVLQHVVFDVHRIDSSOLFDWLRQRI$Q\/RJLFIRUVLPXODWLRQSDVVHQJHUV
IORZV LQ UDLOZD\ VWDWLRQ LVGHVFULEHG LQ $Q\ORJLFFRP3DVVHQJHU)ORZ6LPXODWLRQ IRU«EXVLQHVVFDVHRI






$JHQW %DVHG VLPXODWLRQ DQG 'LVFUHWHHYHQW VLPXODWLRQ $JHQWEDVHG VLPXODWLRQ ZDV XVHG LQ IRUP RI 3HGHVWULDQ
OLEUDU\ WRVLPXODWHSDVVHQJHU¶V IORZV LQEXV WHUPLQDO$W WKHVDPH WLPH'LVFUHWHHYHQWVLPXODWLRQZDVDSSOLHG WR
VLPXODWHEXVHVDUULYDOSURFHVVWRWKHWHUPLQDOPRYHPHQWLQWHUULWRU\RIWHUPLQDOHWF,WPXVWEHQRWHGWKDWGHVSLWH
WKH IDFW WKDW$Q\/RJLF KDV5RDG7UDIILF OLEUDU\ZKLFK LV DOVR EDVHG RQ$JHQW EDVHG DSSURDFK DIWHU WHVWLQJ WKH
OLEUDU\WKHGHFLVLRQWRXVH'LVFUHWH(YHQWVLPXODWLRQZDVWDNHQDVH[LVWLQJYHUVLRQRI5RDG7UDIILFOLEUDU\KDVD
QXPEHURIGLVDGYDQWDJHVDQGOLPLWDWLRQVZKLFKPDNHVKDUGWRDSSO\LWIRUVXFKW\SHVRIWDVNVUDLVHGLQWKHIUDPHRI
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
)LJ3DVVHQJHUFRXQWGDWDE\PLQXWH
7KHGDWDPHQWLRQHG LQ7DEOHZHUHSURFHVVHGDQG WUDQVIRUPHG WR WKH VXLWDEOH IRUPDW IRU$Q\/RJLFVRIWZDUH
7KHPRGHOE\LWVHOIFRXOGEHVSOLWLQWKUHHORJLFDOSDUWV










DUULYDO SURFHVV RI SDVVHQJHU ZLWK D FRQFUHWH WULS %DVHG RQ HPSLULFDO GDWD LW ZDV HVWLPDWHG WKH SHUFHQWDJH RI
SDVVHQJHUVFRPLQJ±PLQXWHVEHIRUHGHSDUWXUH±EHIRUH±EHIRUH±EHIRUH±EHIRUHDQG
ILQDOO\ ±PLQXWHV EHIRUH GHSDUWXUH %DVHG RQ WLPH XQWLO GHSDUWXUH WKH IROORZLQJ EHKDYLRXU LV DVVLJQHG WR WKH
SDVVHQJHUV
x LI WLPH WLOOGHSDUWXUH LV!PLQXWHV WKHSDVVHQJHUVDUHDVVLJQHG WR WKHZDLWLQJKDOOZLWKZDLWLQJ WLPHXS WR
PLQXWHV DIWHU WKH VWRFKDVWLF PRYHPHQW RQ WKH WHUULWRU\ RI EXV VWDWLRQ EXLOGLQJ LV DVVLJQHG LQ DYHUDJH
PLQXWHV $W  PLQXWHV EHIRUH WKH GHSDUWXUH WKH SDVVHQJHUV DUH DVVLJQHG WR IROORZ WR WKH GHSDUWXUH
SODWIRUP





RQGDWD IURPYLGHR WKHTXHXHJURZLQJGLUHFWLRQV DQG WKH IRUPZDVGHILQHG IRU HDFK WLFNHWGHVNXVLQJ VWDQGDUG
WRROVRIWKH$Q\/RJLF
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
)LJ3DUWRIWKHSDVVHQJHUDUULYDODQGZDLWLQJSURFHVVVLPXODWLRQ
)LJXUH UHSUHVHQWVSDUWRIEXVVHVDUULYDOSURFHVVUHSUHVHQWHG IRUHDFKDUULYDODQGGHSDUWXUHSODWIRUPDQG WKH
SDUWRI WKHPRGHOZKLFK UHSUHVHQWV WKHDOORFDWLRQRI WKHSODWIRUPSURFHVV ,W LV DVVXPHG WKDWEXVVHVDUULYHDW WKH
WHUPLQDOZLWKRXWGHOD\EXWEHFDXVHRIWKHLQWHQVLYHWUDIILFLQWKHWHUPLQDOWHUULWRU\LWFRXOGDUULYHWRWKHSODWIRUP
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E\WKHXVHUGXULQJVLPXODWLRQ7KHXVHUKDVEXLOGLQSRVVLELOLW\WRFRQWUROPRGHOH[HFXWLRQVSHHGDQGTXDOLW\RIWKH
JUDSKLFDOUHSUHVHQWDWLRQ
' PRGHO SURYLGHV DQ DQLPDWLRQ RI WKH VLPXODWHG SURFHVVHV DQG DW WKH VDPH WLPH JHQHUDWHV WKH LPDJH ZLWK








7KHGHYHORSHGPRGHOZDV XVHG WR FKHFNSRVVLELOLW\ WR WHPSRUDU\ FORVH VRPHRI WKHSODWIRUPV EHFDXVH RI WKH







7KH H[SHULPHQW ZKLFK UHSUHVHQWV FXUUHQW VWDWH EHIRUH UHFRQVWUXFWLRQ ZLOO EH FDOOHG D EDVH H[SHULPHQW 7KH
H[SHULPHQWVZLOO EHGRQHZLWK IROORZLQJFRQGLWLRQV D WKHSHDNKRXUV DUH VLPXODWHG ± EQXPEHURI
UXQVIRUHDFKH[SHULPHQW±UXQV7KHPDLQFKDUDFWHULVWLFZKLFKZLOOEHREVHUYHGGXULQJH[SHULPHQWLVDGHQVLW\
RISDVVHQJHUVRQSODWIRUPVDVWKLVGLUHFWO\LQIOXHQFHWRWKHVDIHW\RIWHUPLQDO7KHUHVXOWVZKLFKREWDLQHGEDVHGRQ
FRPSOHWHG H[SHULPHQWV ZLWKPRGHO HUD SUHVHQWHG LQ 7DEOH $VZH VHH IURP WKH 7DEOH WKHUH DUH VRPH YLVLEOH
FKDQJHVLQGHQVLW\KLJKOLJKWE\JUH\+RZHYHULQRUGHUWRWHVWVLJQLILFDQFHRIWKHGLIIHUHQFHWKHWWHVWZDVDSSOLHG
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
7KH IROORZLQJ FRQFOXVLRQV FRXOGEH GRQHEDVHGRQ WKH REWDLQHGGDWD QR VLJQLILFDQW GLIIHUHQFHVEHWZHHQEDVH
H[SHULPHQW LQ FDVH RI SODWIRUPV     ,Q FDVH RI SODWIRUP          WKH GLIIHUHQFH LV
VLJQLILFDQW
0DQDJHPHQWRIWKHWHUPLQDOWDNLQJLQWRDFFRXQWFULWLFDOOLPLWVRIWKHGHQVLW\LVDEOHWRPDNHDGHFLVLRQDERXW
















GHFLVLRQPDNLQJ VXSSRUW IRU SDVVHQJHU WHUPLQDOZLWK WKH GDWD RI D UHDO WHUPLQDO DUH SUHVHQWHG LQ WKH DUWLFOH7KH
UHVHDUFKVKRZVWKHSRVVLELOLW\RIEHWWHULGHQWLILFDWLRQZLWKWKHKHOSRIWKHGHYHORSHGDQDO\WLFDOLQVWUXPHQWSRVVLEOH
DOWHUQDWLYHVDQGRIPDNLQJGHFLVLRQVIRUSURYLGLQJIXQFWLRQLQJDQGGHYHORSPHQWRIWKHWHUPLQDOLQWKHSHULRGRILWV




7KLV ZRUN ZDV VXSSRUWHG E\ /DWYLDQ VWDWH UHVHDUFK SURJUDP  SURMHFW ³7KH QH[W JHQHUDWLRQ RI
LQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJLHV1H[,7´
5HIHUHQFHV
$6 ³5ƯJDV 6WDUSWDXWLVNƗ DXWRRVWD´  *DGD SƗUVNDWV $YDLODEOH IURP ,QWHUQHW KWWSZZZDXWRRVWDOYZSFRQWHQWXSORDGV
BJDGDBSDUVNDWVSGI!
$Q\ORJLFFRP  2QOLQH+HOS$Q\/RJLF 6LPXODWLRQ 6RIWZDUH >RQOLQH@ $YDLODEOH IURP ,QWHUQHW KWWSZZZDQ\ORJLFFRPDQ\ORJLFKHOS
>$FFHVVHG6HS@
$Q\ORJLFFRP  3DVVHQJHU )ORZ 6LPXODWLRQ DW )UDQNIXUW $LUSRUW $Q\/RJLF 6LPXODWLRQ 6RIWZDUH >RQOLQH@ $YDLODEOH IURP ,QWHUQHW
KWWSZZZDQ\ORJLFFRPFDVHVWXGLHVVLPXODWLRQRIWKHIUDQNIXUWDLUSRUW!>$FFHVVHG6HS@
$Q\ORJLFFRP  3DVVHQJHU )ORZ 6LPXODWLRQ IRU 5DLOZD\ 6WDWLRQV DW 6RFKL  2O\PSLFV $Q\/RJLF 6LPXODWLRQ 6RIWZDUH >RQOLQH@
$YDLODEOH IURP ,QWHUQHW KWWSZZZDQ\ORJLFFRPFDVHVWXGLHVSDVVHQJHUIORZVLPXODWLRQIRUUDLOZD\VWDWLRQVDWVRFKLRO\PSLF
JDPHV!>$FFHVVHG6HS@
%RUVKFKHY$7KHELJERRNRIVLPXODWLRQPRGHOLQJ>/LVOH,/@$Q\/RJLF1RUWK$PHULFD





*URPXOH 9 <DWVNLY ,  &RDFK 7HUPLQDO DV DQ LPSRUWDQW HOHPHQW RI WUDQVSRUW LQIUDVWUXFWXUH ,QWHUQDWLRQDO VFLHQWLILF FRQIHUHQFH
³7UDQVEDOWLFD´9LOQLXV±$SULOTransport±9LOQLXV7HFKQLND
+DQLVFK $ 7ROXMHZ - 6FKXO]H 7K  ,QLWLDOL]DWLRQ RI 2QOLQH 6LPXODWLRQ 0RGHOV In Proceedings of the 2005 Winter Simulation 
Conference. (GV 0 .XKO 1 6WHLJHU ) $UPVWURQJ - -RLQHV S ± $YDLODEOH IURP ,QWHUQHW
KWWSZZZVLPZDONFRPVLPZDONBWUDQVSRUWLQGH[KWPO!
/L-<DQJ<=KDR46WXG\RQ3DVVHQJHU)ORZ6LPXODWLRQLQ8UEDQ6XEZD\6WDWLRQ%DVHGRQ$Q\ORJLF-6:
0H\HU0'The Nation’s Transportation System as a Security Challenge:LOH\+DQGERRNRI6FLHQFHDQG7HFKQRORJ\IRU+RPHODQG
6HFXULW\±
5RGULJXH03&RPWRLV&6ODFN%The Geography of Transport Systems*UHDW%ULWDLQ7-,QWHUQDWLRQDO/WG1HZ<RUN5RXWOHGJH
SDJHV,6%1
6HFXUH6WDWLRQ ± 3DVVHQJHU VWDWLRQ DQG WHUPLQDO GHVLJQ IRU VDIHW\ VHFXULW\ DQG UHVLOLHQFH WR WHUURULVW DWWDFN KWWSZZZVHFXUHVWDWLRQHX
>$FFHVVHG6HS@
9DLUD*URPXOH¶V SURPRWLRQDOZRUN0RQLWRULQJ6\VWHPRI WKH4XDOLW\ RI 3DVVHQJHU7HUPLQDO6HUYLFHV DQG WKH5HDOL]DWLRQ RI WKH3DVVHQJHU
/RJLVWLFV&HQWUH77,
:KLWH3DSHU±5RDGPDSWRDVLQJOH(XURSHDQWUDQVSRUWDUHD±7RZDUGVDFRPSHWLWLYHDQGUHVRXUFHHIILFLHQWWUDQVSRUWV\VWHP&20
ILQDORI0DUFK
=KDQJ4<L&$JHQW%DVHG6LPXODWLRQ0RGHORI3DVVHQJHU)ORZ'LVWULEXWLRQLQ8UEDQ5DLOZD\1HWZRUN$00S±

